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TARE BALL GRI.D ARRAY PACKAGE W TH VI AS LATERALLY OFFSET FROM

SOLDER BALL Bgmgﬁa'TES BACKGROUND ©F THE | NVENTION 5 poruse7/dsins
applicatioﬁ”? nt i nuati on- |n part of copendi ng application

08/ 509, 779, flled August 1. 1 di scl osur pressly
I ncor por at ed eﬂ@?ﬂa%{r ﬁ!é’"‘c}“‘%%m VIAS "fﬁﬁé’r‘&éﬁ%ﬁ%@@t I on

rel ates to packages for i Nt cYPIRERBAILBOND JTEd nore particularly

i nterconnection structures for nulti-conductor |ayer ~ packages. 15

A variety of poBREECROURMD: QR STHEVENVENPION | i zed f or ‘packagi ng
integrated circuit die so that the die may be bonded to a substrate
such as, for exanple, a printed circuit board. Typical packaging -

met hods 5 includeThﬂs wypkﬁcdtmmhfisnascoﬁABnhamaGM’ﬂuﬂpa;ﬁimﬁzo

packages) 14 al SEORAGAAY MPILkr srben, 06/ 388,309, 80100 mffiseof, LIGHT,

(for exanple a 'EmB aaae)losure iSf asiiBgiedisoefpBEAsily fiditafpdifa s

substrate. FIG 1 illustrates one exanple of a prior art TBGA
design. AS shomﬂeFﬁlPIéY FeLeE/RYE package is provided havi ng a
stiffener 15 and a TAB tape 20. The TAB t ape I ncl udes three separate
| ayers, a dielectric Iayer 20a, a conductor |ayer 20b, and a

dlelectr|d°layer 20c ThehPrepentr nyeneien zghates 6 Pﬁ&@&gqﬁeﬁﬁﬁ 15 by a

dielectric 1ﬁ9€§§b&%di%&¥cﬁ¥%sA@n&ﬂhéﬂéabﬁQtﬁbhﬂ%&QyBO is also
adhered to the stiffener through the use of adhesi ve. Sol der balls

35 are provi dediphesGgRNEGISIam structpeeq; épscimuld i-gpaduniphilayer TAB
tape 20 so that,3a agggnnectlons may be nmade to the conductor traces of the
conductor | ayer ZOE I'n sone Iocatlons vias are

15 '~ A variety of packaging methods have been utilized
for packaging integrated circuit die so that the die
may be bonded to a substrate such as, for example, a
printed circuit board. Typical packaging methods
include the use of lead frames, TAB tape- or ball grid

20 -arrays (BGA). The combination of a TAB tape and BGA
package (TBGA packages) is also known. In such TBGA
packages, a flexible circuit (for example a TAB tape)

is adhered to a BGA stiffener or BGA substrate.

25 FIG. 1'illuStrates one example of a prior art TBGA
design. AS shown ‘in FIG;Il, a TBGA package is provided
having a stiffener 15 and a TAB tape 20. The TAB tape
includes three separate layers, a dielectric layer 20a,
'a conductor layer 20b, and a dielectric layer 20c. The

30 TAB'tape is.adhered to the stiffener 15 by a dielectric

| adhesive layer 25. An integrated circuit 30 is also
adhered to the stiffener through the use of an
adhesive. Solder balls 35 are provided through vias in
the dielectric layer 20a of the TAB tape 20 so that

35 - connections may be made to the conductor traces of the

conductor layer 20b. In some locations, vias are
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punched or etched through the TAB tape 20 and the adhesi ve | ayer 25
such as shown by vias 50. Sol der - ball s 40 pl aced at forma
direct WNRES80IN to the stiffener 15 during the sol hgﬁﬁ%gﬁ)&?zeflow 5
process. Because the stiffener 15 is an electrical - conductor, a

conductorIaﬂnﬂch¢ﬂa@ﬁ|?F@heﬂothﬁ@uﬂéyéh? TAB %tap¢ el apdttpe is t hus
provi ded. Tyﬁtalﬁ@éi% ger 25 %eilf 83eTshbun'y & hes Wo | | zedh gspa ground

pl ane ossible that it nay be utilized for 10 other
eIectrlcaI|hﬁ#k§eé0 Pb@¢B@A@§a@h3@6 Figs fonm a diregiatcenpeptianFl G 1

Ty be seen Jg (L CofetBLhel 1Y quringStiRASNAdD b B BRLy | The package

shown in FI has nurfer ous vant ages. I nstance,
‘the 5 TAPrepessiti | Beedusse ahehlseeflf&}@r tldpel aimh i elealyrbeals

desirabl e toaﬁa&éﬁg ?Dégaagél'toef flla tlntaa%gd EJh n tfé”f.lji]%;fg{/]?r because

t he sol der e fin of the
sol der bal | s:.rxl(l:hmy‘I‘AB tape imatbepst @Mo)xrlrdaﬂ.copl‘mmamyh the hei ght of

t he sol der S|nc .t he solder baII ch 20 connects

to the stlffgﬁeg %5 ignﬂggﬁé PS |%%5 as r?ﬁﬁtp{%%?d t her nal

m smat ched szt]rtﬂs&z@etﬂ\Eeﬂstpessz.blepmhlaa:ge.tanmlajodm catdlizedress the sol der
connection to ener |ncrea5|n e I| ellhood %% tder j oi nt

he, s
failurd®at SKREY n?fe??sﬁecainpaaae ", az%e S8t 21s 40
are placed diHsttslyowrpodnt NEGVI aSmEQ be seea:n :erndnmrdémaabnizy utilize.

Shorted 1 PafERtNer chosTe L T rﬂ%"%&"q T LY Lo (A

desi gn fl exiduwdder, MasSahhyerbs H@.blaablalriﬁa}géé t%ﬁ&nsﬁ@ﬂegpttﬂé
bet ween the solder ball and the stlf ener X dependent upon the
sol der abi | | tAPR 3R utilizedrisngr t |¥ﬁyer tape “an EI®2Y 2P€hows an

alternaiive qud Oralsld UBGAtPREkATE Aore To¥d Afficidat €fw¥n in U S
Pat ent No. 5,376, 588. As shown in FIG 2, the TBGA ckqge 60 i ncl udes
a Furthermore, because theg solder balls 40 refl own

the via 50, the final height of the solder balls 40 may

be unacceptably non-coplaner with the height of the

solder balls 35. Also, since the solder ball which

20  connects to the stiffener also connects to the final

‘circuit board, thermal mismatched:stress between the
- package and board will stress the  solder connection to
the stiffener increasing the likelihood of solder joint
failure at said interface. In addition, because the
25 solder balls 40 are placed directly upon the vias 50,
an end user may only utilize solder balls 40 for
electrical connections which are intended to be shorted
to the stiffener, thus limiting the end user’s circuit
design flexibility.: Finally, the reliability of the
30 . connection between the solder ball and the stiffener is
highly dependent upon the solderability of the

stiffener material.

FIG. 2 shows an alternative prior art TBGA package
33  similar to that shown in U. S. Patent No. 5,376,588.

As shown in FIG. 2, the TBGA package 60 includes a
~2-
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stiffener 15 having a TAB tape 20 adhered to the stiffener with an
adhesive 55. A chip 30 may also be * . -adhered to the stiffe 708392 der
bal|'s 35 a™M098/2530tonnected to the conductor |ayer 20b of thegﬁxgga,ge

20. Solder balls 40 are also connected to the conductor | ayer 20b of
the TAB tape. Mtihtenernlf) baving a TAR J2p®) 2P c2fBexed & the€ diel ectric

| ayer 20a of stlfﬁéngﬁBwiéﬁeahnédﬂé§f%ﬁ(5§ “hﬁréh§?|§©rﬂ@¥|éiég)ﬁée
connected to the conductor |ayer 20b. In the desi 10 FIG 2, the

adhesi ve | ayer &8he¢xed tendbhet is¥d ff@meay S - Solg?érbaliﬁe3§ﬂﬁﬁﬁve | ayer -
55 fills the vigs, Q%ggg to theO¥Adud e%\f/"%fc’é% BQy%hez%B Begguse the

adhesi ve | ayer I's a conductlve a , an electrical
connectlonsbetm%@n t BeldekdbrlBal 149 4xenralsdecaBnesteff &gertht is thus

provided. Ther ér?é&ct&pe}eyggl ?to ffo@q{heﬁl‘ﬁ@ytg eUt ' {A' 288 R aﬂptpfé

conduct or ayer, pre use as a
desi gn such as zhomhasnSGIEmerdnmﬁdumn Ehsodﬂ@lecbascnﬂmmanxQOa of
di sadvant ages For géagg .conduct.i ve.

§/>e1

Conduervages. BheLT RO Sedions, wPRE HETRLT BRI 40 axe | oo
a rel ativ%qnﬁacgedaﬁbunheofcoemittmihesayer pbbeoveh, the desidn of

conducti ve adhe es,. do, pot ovi.de adequat adhe and cgnduction
o oport i 690 duo FEETher che’ aBpReive A S5 Bs o f FORoRrE YA Adhed Les
Mor eover, Bsyetth the dahegax@wqyayef\ 53 Chllsanhenehta%erw and
circuit deS|gn must match, t he 5p§cenent of thf round | der . bal | s 40,

thus limting tFNFRERFLERPL FopAusTOTFayey pa@ﬁ&@@sﬁot e adhesive

Thus, it would dessbhabkeat eopiodtdered ddiidsive, Paakaae#asicn Whi ch

prOV|des | mproved costs, reliability, and end. user flexibility.
"~ connection between the solder balls 40 and the

15 stiffener 14 is thuS-prov1ded. Therefore, the
stiffener 15 may be utilized as another conductor

- layer, preferably for use as a ground plane.

A design such as shown in FIG. 2, however, also

20 has numerous disadvantages. For example, conductive
adhesives (such as a conductive epoxy) are very
expensive and the design of FIG. 2 utilizes a
‘relatively large amount of such adhesive. Moreover,
such conductive adhesives do not provide adequate

25 adhesive and conduction properties due to their
brittleness and high flow characteristics. Moreover,
as with the design shown in FIG. l, an end user'’s
circuit design must match the placement of the ground
solder balls 40, thus limiting the flex1blllty of use

30 of the package 60.

Thus, it would be desirable to provide a TBGA
package design which provides improved costs,
reliability, and end user flexibility.
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SUWWARY OF THE | NVENTI ON A ball grid array (BGA) package is
provided in 5 which the stiffener of the BGA nay al so be utili as

a conducWOo/e8/ias3ler . A TAB tape is adhered to the stlf#g{g?”&?%&n
adhesi ve and both the TAB tape and the adhesi ve may have vias which
open to the stiffener. Conductive plugs. which may -be formed of sol der

paste, Si he Iike may then be filled in t he
vias to prov%ﬁ@%?ﬁ%gﬁm fromthe TAB tape to the
stiffener. The vias may be | ocated adj acent to solder ball - |ocations.
The TAB tape may. i.nclude a nultiple conductor, |ayers, or multiple

layers 15 of sin§ ®addngFds \?é-'qaéye GPylB R 2yl peLEPRtAed &Ppon

each other tonReaviche addicreoral o rtqw tBEPUHdPlalso be Fﬁﬁibﬁﬁedt he TAB
tape layers may al so he conbined with the use of netal foil |ayers.

20 | n2oFENEMSEIVRARYSE « h iTARHanm ks Todherpd £8 the adhered to

a St'ffener 5@ 1 e PLRed 1; np%%mveT%J%m thé%'f‘&%&dﬁﬁdv’tﬁé through
the tape such that at ast one conductor |ayer of e tape may nake

el ectrical adhe@éﬁﬁa@BYt@aWﬁeWﬂﬁﬁiwﬁkﬂh qp%nvﬁ%sth%r%ﬁgﬁfQHEEh 25
el ectrical EBBQ%Etg V‘gﬁ'ﬂﬁ ;\-%ﬁ\ 3R B Sihdd eé‘frsoll_% 'ﬁaﬁ?&a' ned are

of fset fromthe sol TBGA package e vias to
the sti 1o enecondycmve adhﬁlSIJJV@@ wiath the dddte thay m@rw fihélegemdent of

2 g 50 deknala PGt Ronte iR ed A% GRSt 4 °PeLnI0ne 2RET MOt be

filled in which case a's ectrically connecte
non-filled vtapm&lodthet Stlffem@fxessdmel Wiss emaay:tbe ckbtytednnected to the

St ffener. | adialBiE tb"Soltel! 8 Theladid ! | ik Sfad gh0UTYaY! ane
(or other plan asach as 3 power ane I ple 3 acteéss points to
form an eIectnc&ahecanmsdtupaeb@wmdactor layers or multiple layers -4-
Vo 98/2§301 of.single conductive layer TAB tape m&?j%éEQZégéégzupon

each other to provide additional circuit routing.

Further, the TAB tape layers may also be combined with

the use of metal foil layers. '

20 In one embodiment of the invention a TAB tape is
adhered to a stiffener to form a TBGA package. The TAB
tape includes vias through the tape such that ‘at least
'bné_cOnductor'layer of the tape may make electricél
contact to the stiffener. The vias through which

25 electrical contact between the TAB tape and stiffener
is obtained are offset from the solder balls of the
TBGA package. Thus, the vias to the stiffener may be
filled with a conductive material independent of a
solder ball.  Furthermore, the vias to the stiffener

3  need not be filled in which case a solder ball
electrically connected to a non-filled via would not
necessarily be electrically connected to the Stiffener.
Thus, the stiffener may be utilized as a ground plane'
(or other plane such as a power plane) and multiple

35 access points to form an electrical connection between

4



the sol der balls and the plane may be brovided, yet each of the sol der

bal.l's connected to those access poi nts need not be tied to the ground
pl ane. Thus, _. ser selectability as to which solder ball sppprisdbsach
connect ed ﬁ&oPﬁeiﬁﬁound pl ane i s provided and those sol der balls which

are not connected to the groyund | ane _may be uytilized. for conpectin

to other ci rcuitt%e SOIQ?ﬁ%%?tfs ang the pi?ﬁsymaé’sl{beet%%‘ﬁl%%%' 'T)&%Qt ape gnd

t he _Sfji ffenelr' etac_h-rflw ﬂee%dtaj_.@dr\é\btamlaw?ﬁh@c%t_e;ﬂf @Mév&ﬁatkﬁri %SB to
rovide an electrjcal conpection between sti ffener an e

?ape | ayer exp®HPGR nerd pAt }P%rtlgg toxk I@FQﬂﬂéLR%?W%‘nangFals such

as conductive gddersdfectast Bitgoagduebi waiehheY RS BY1LHNGeELEVBeePOXi €S
may be utilized. : I n one_enbodi nent a package for an

i nt egr at e canneaked | &0 pklR | FEUPA RARER tife BERS i ¥t ublResg 20

conductive sti ARy E’aPPé‘d(ia'lg%Jr:HeaﬂerﬁBU cmct_ed ttERENgEohRgt he

stiffener, a plurality of sol. ba sites within"the circuit

| ayer, and at [pda@ne giay be uyibizedcfprcgrnpeshipieda etherecasrcyat of

t he sol der sﬂﬁﬂé %gnmisites, The via may offset fromthe solder 25

bal | bond sites and’ ormed to allow electrical coupling of the
“conductive circuit layer and the conductive ~— stiffener. I n
anot her egbodi nent, T o] 0 electri I 0, | an

i nt egr at egi[lbci rcuit t%ea%gﬁéﬁ%?ét {é'hfgsTgrBO\F% é.aq%%e%%c%‘ggkﬁﬁgri ncl ude
a stiffensmy od |Edtad witbuat vartietedft cantuctive shatéenals the

L AT iR 55 copea B IS AR BB o

| east one cond&&or ayer . _ y er i ncrude

| ayer for azid atie MMAB heapé ekabee exposied fadk tHhe stid f enBorand a

- 5- WO 98/ 25301 . .. PCT/US9Z/05492
example, conductive materials such as conductive solder

)15 ~ paste, conductive adhesives, or conductive epoxies may
- be utilized. :

In oné embodiment a package for an integrated

circuit is provided in which the package includes .a

20 conductive stiffener, a conductive circuit layer
attached to the stiffener, a plurality of solder ball
bond sites within the circuit layer, and at least one
via electrically coupled to at least one of the solder
ball bond sites. The via may offset. from the solder

25 ball bond sites and formed-to allow electrical coupling
of the conductive circuit layer and the conductive

stiffener.

In another embodiment, a TBGA.package for
30 electrically connecting an integrated circuit to é
substrate is provided. The package may include a
~stiffener, a flexible circuit attached to the
stiffener. The flexible circuit may include at least
one dielectric layer and at least one conductor layer.
33 The package may further include an adhesive layer for

attaching the flexible circuit to the stiffener and a
-5



plurality of solder ball bond sites |ocated on the flexible circuit.
At | east one via nmay. be formed both in the flexible circuit and the
.adhesi ve | ayer. . at a | ocation other than a sol der bal lpd39psh7i) to
provi de ¥ X 1t'h through which el ectri cal coupl i ng of the K g‘%g?ffener
and the erX|f) chw | n _anot her

enbodi ment d? bFXs@ tSPﬁf?Eﬁt g&ﬁﬂn%ﬁnd 31t§l o kGaERd RRKRR for
nmounting on ﬂléﬂbﬁléab@rbalw REOViedsd. onBh& ipAcieAl ddTEo RS Uset RN

i ntegrated cirg a_ bal | i d array package. The integrated
circuit may ¥ %}P?aéxéﬁlgget FETERAT &F‘%d éfq‘ﬁa%‘lép ayer ahf el ectrical
bonds may eleséitiehl ytrexpkaahha soldelrmkﬁg.flawxd?lglcﬁé ttprdPeadal | grid
array package. 15 The ball grld arra package may include a conductive

stiffenér usedPakhakhEpREhs W &thleéﬁé‘ 4 CpAR Goppt ing °fat°cfh%hed to the

stiffener, a5p|peahblyalll 28kdehelabhs circudteaddy Gl lac&aupl £6hdg. the TAB
tape, and at | east one conductive plug electrically coupling the TAB

tape to 20 the conductive stiffener wherein:ithe conductive plug S

hori zontal 'y of fsef QESEhEQeeEBBQQEeQ%|b¥ the present iHVerdX

I nvention al so includes nethods fo form ng an el ectrica paciage One
met hod i ncl wikeechsicapr packpag i%’oﬁ@@@ﬁl@@ on & edrstzateackdng a flexible

ch roul by 10, (ot dbh encinePEaUldadnas) d5ic1dld difiheegracddes In the

erX|bIe ci t and formn IFeast eectrlcally
coupl i ng t heckt¢iiibnandaadbahd grid ﬁWé’)@leP@cdqalgﬁ}l t ThEheintegratede f or ned

so that, the Acuflefbl 68l JE0URNEA0 ARLHI® HLldeRRP I Al Lhe placeren:

of solder balTs on't bond sites an d after
t he attachi mpdtebectndchdrbostsothay eJ.e|cs1;rci,lq‘c!xid.tyed:ducpﬂaatr dshd orming a TBGA

package. . Thiﬁ%?_?ragg{lhggﬁcﬂgku? 3 RELQY |l&gﬁ%l%nr£§&%t§ \beacﬁ%l ffener, 35

attaching a ape € St ener orm in the TAB
tape fos recEheibglh gnidearlnayl pa@tkdge may J.Vﬁ]ﬂﬁiéfa’s&'bnductlve
PCT/ US97/ 054 one of the

bond Si gtelsffﬁﬂ%r §§te?#ay plﬁg'v% e%! 2% %elgalnteo’el eéllt r caé]l
connecti on rmltthad:hed/etea the seBfffeperanad thHeredddyctafvesolder balls
electrically . coupled to thé TAB tape, and at least one

conductive plug electrically couplihg_the.TAB tape to
20 the conductive stiffener wherein the conductive plug is

horizontally offset from the solder balls.

‘The present invention also includes methods for
forming an electrical package. One method includes
25 ;. providing a conductive stiffener, attaching a flexible
circuit to the stiffener, providing solder ball bond
sites in the flexible circuit and forming at least one
via for electrically coupling the stiffener and the
flexible circuit. The via may be formed so that the
30 electrical‘cbupling may be independent of the placement
of solder balls on the bond sites and selectivély
accomplished after the attaching step. Another method
is directed towards forming a TBGA package. This
- method includes providing a conductive stiffener,
35 -attaching a TAB tape to the stiffener, forming bond

sites in the TAB tape for receiving a solder ball, and

-6-



stiffener and may be selectively fill able independent 5 of the pl acenent

of .the solder balls on the bond sites such that a sol der ball :
el ectri-cal WOS%@P?d to the via may be el ectrically decoyragsohnsiwmt he
conductive ffener. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a cross-sectional representation_ of a conventi onhal. TBGA
package of the %f$%;rh??$i‘¥5co pling & A 2% gtalglaﬁgs-og‘eecﬁ%%e ond
representati on $iftes. @Het bdascaimeitonbde TBCAepackad eofeYdrt icoHr art.

FIG 3 is a cross-sectional representation o 20 TB ackage, accordi ng
to one enbodi nETRPRECERENpPES %e weeqréhﬁt%%ﬁ.tape adgAé%elﬁéédﬁc?%V%

plan view of a JB(Areaekagadaaay’ Bedkelective e renieadileniinddpditent esent
i nvention. 25 FIG 4a is a plan view of a TBGA package_ according

|
to one enbddi ettt bhetRia2geRERLt ofMdif i sptder balls on ghe bgpd ssites

cross-sectionalgyeRreagnt at sl defr Wil BleleerboebMaY Rudlldd & the via
FIGS. 5 and 5a are expanded cross-sectional representations of a TBGA

package utili zimRY ceadasergicallyp|drrovpteddfrgm &heheondixdhtve nvent i on.
35 stiffener. -7- WO 98/ 25301

PCT/ US97/ 05492 FIGS. 6 and 6a are cross-sectional
representations : : : '

10

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional'representation of a
conventional TBGA package of the prior art.
15
FIG. 2 is a cross-sectional representation of

another conventional TBGA package of the prior art.

FIG. 3 is a cross-sectional representation of a
20 TBGA package according to one embodiment of the present

invention.

FIG. 4 is a plan view of a TBGA package according
to one embodiment of the present invention.
25 |
FIG. 4a is a plan view of a TBGA package according:

to one embodiment of the present invention.

FIG. 4b is a cross-sectional representation of the
30 embodiment of FIG. 4da.

FIGS. 5 and 5a are expanded cross-sectional
representations of a TBGA package utilizing conductive

plugs according to the present invention.
35 '



of one enbodi nent of a nethod of form ng conductive pl ugs according to

the present invention. 5 FIGS. 7, 7a, and 7b are cross-sectiona
representations of TBGA packages utilizing multiple TAB
accor di WOP¥2$AL present invention. FIGS. 8 aﬁﬁ"§§32@§”5

cross-sectional 10 representation of a TBGA package utilizing one TAB tape
and nmultiple | ayefkGdf bednd fadj pracespasngecsicmal reprsarrkdehensf t he

present inVesdt il embodiméSCEE P! (e fBal bleUSHRMENYE FVRAMNT S 15

A TBGA package 300 configured according to the . present invention is
shown in Fl ®l@s mcerdisng atedthe prepgeptGinyentionffener 310 is
provi ded. The stiffener - - :310 may act as a BGA substrate to provide

rigidity to 20 t he TBGA package 300 and al so may act as a heatsink to
di ssi pat'e heat frike3he?i nlagrandd’bi arei cress-sactionalshown in FIG 3,

the stiffen [ o] ! tqisffs I a and
3100 whi ch &8 BouniratEoRPCBE $EA backage BT LI AR bR, PAR® 0D
25" Al ternattiapds ,acderding f eneth8lpreagnbe invemd oas a- - unitary piece
such as shown in FIGS. 1 and 2. In yet anot her alternative, the
integrated circuit 315 may be held in the TBGA package 300 through the
use of flip EIG6P. nahdg8ali aeet hyckosa-EaBthiapmal( whi ch ext ends 30

COmPl e, S e LA (SPEL TR KhoRUe LetiLng, ong P85 Wk ¢ e
320 i s adhersad nulthiple lapéréfefemethlotigh 1t hedtrelielg ao ashesi ve | ayer
325. 35 The,TAn Lspe 320, my [nclyde g dighectric laver 320a
and a conductive |ayer 320b. The integrated .circuit.
DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
15
A TBGA package 300 configured according to the
present invention is shown in FIG. 3. As illustrated
in FIG. 3, a stiffener 310 is provided. The stiffener
- 310 may act as a BGA substrate to provideirigidity.to
20 - the TBGA package 300 and also may act as a heatsink to
dissipate heat from the integrated circuit 315. -As
shown in FIG. 3, the stiffener 310 méy be comprised of
two stiffener layers, 310a and 310c which are bound
together with the use of an adhesive layer 310b.
25 Alternatively, the stiffener 310 may be'formed as a
unitary piece such as shown in FIGS. 1 and 2. 1In yet
another alternative, the integrated circuit 315 may be
held in the TBGA package 300 through the use of flip
chip bonding directly to a TAB tape (which extends
30 completely across the stiffener cavity) and in which

case the stiffener layer 31l0a may not be required.

A two-layer TAB tape 320 is adhered to the
stiffener through the use of an adhesive layer 325.
35 The TAB tape 320 may include a dielectric layer 320a

-8-



may be bonded to the TAB tape 320 through the use of Wi re bonds as
shown in FIG 3 or alternatively through the wuse of inner |ead bonds.
An encapsuI%pt g%g may 5 then be provided over the bondi ngparars97/05492
Encapsul a0 B2y 362 may be provided so as to confine the

encapsul ant 365 wthin the _bonding ar Sol b 3Q;are
electrically Me%tﬁanFBCFﬁa ec&r?%&(ﬁ ?qba'ye?ﬂe fxgg%grgﬁgat gzjigec? J'(tnot
shown) of the gopduet Bonbadeto32ble TRBR e c32Aethtought hbesvisgerotal |'s to
bondi ng sites 370 f the conductor, y 320b,, T . ehectki
interconnectid’t’ﬂ-”r“Fo%’r?88§ul§§trs g i é’a%r?ﬁt%ﬁtergggf"?’g}&t 5%334<?hrray be
made t hrough tiigesekdebtbahher33@ad bdrid he Amtegcapsdlentcdi6s ey  Sol der

balls 340 also 15 grovide_electrical co neqéjon to the gonduct r_l.ayer
320b of the TAEhempRe3pyovides) ﬂYec%ézrkeollEfé‘? 1y 8rea-  FBGAPSYAItT or

traces (not shoups 862t haycoRdyrdiided sd ayert8286niMmyepthe de el ectri cal
connection fromthe Sol d

_ ol der bal| 340 to the bonding sites 373) f. the 20
conduct or | ayeengappulants 365 wdtdin R RPRELIPIBEE- -54;§?§) %iﬁ?
conductor | aye§3820h aLg 4iciad  '¥hddéted toSehdetobaulctand adkto via

q
regions 360. Via reglons 360 "are regions in which a via_or hole
ext ends t hr ough20b anghé rdicgisectndte shawn) 31RHathadcePREuEERFudRIeY a34HP
320b. 25 Burthermope i,f Jeie At "l bA1Y5atbSpBhAMndeGites 370t he
adhesi ve 'Payergéggﬁ’ggyaﬁ‘%?sifg% t%%n%t}ilt?% ' traces _BSE@Zno:IL veisas 360,
an el ectrical .pfit bhengopeluctor flayes 32@m t hBhys) dedesiiriseadqao to the

stiffener 310 gr%%p}\ielcléi% tﬂﬁ%i%ﬁ%%%\%ggeguep‘ngggg ViRl 350. 30

FIG 4 iIIustrﬁPE ‘Om Vi ew simlar to that
descri bed aboveiwctlitr oarehaay dodinide thraughstbeoweliderib@lls 3I30BGA

k 300 hayi . f I it _ t4 '
Phe a8 condubPobpPajaesmBirdl TirHG i | S83087, BTIS 346 21000 11

sites 3308 andpzé@aderelpaisictsl foonnéetion to the conductor layer

- 9- WO 98/ 253Q1 . 4597/ 05492
pl acenent of sggﬁér °%altlh.~‘,e HP aﬁﬁP%A%z?éspzégtw\l/EPthe SOISOer#dDg% I've traces
380 extend fropBobhecepidiritdaldiraces Imati ahowndesft cheheatiduatior bondi ng
sites 370. It

2O 810, L o o S SIS, Bk SRS, SHRB I S g
- solder ball 340 to the bonding sites 370 of the
20 conductor layer 320b.  Furthermore, conductive traces
355;of the conductor layer 320b are provided from the
solder ball bond pad:to via regions 360. Via regions
360 are regions in which a via or hole extends through
_the dielectric layer 320a and the conductor layer 320b.
25 = Furthermore in the wvia regions 360, a via is provided
in the adhesive layer 325. By providing conductive
traces 355 and vias 360, an electrical path may be
formed from the solder balls 340 to the stiffener 310
by filling the vias 360 with a conductive plug 350.
30 : . o
"FIG. 4 illustrates bottom view of a TBGA package
similar to that described above with reference to FIG.
3. As shown in FIG. 4, a TBGA package 300 having an
array of bonding sites and conductive traces in the
35 conductor layer 320b of the TAB tape islprovided.

Bonding sites 330a and 340a are provided for -the
) . -9- .



to inner |lead bond sites. The bonding sites 340a are connected to

conductive traces 355 which extend from the bonding sites 340a to the
vias 360. As discussed above, the vias at 360 nay pr A6 NI NY
t hrough WP%@#%% a conductive plug 350 may be placed o) ag&?EEg 23

electrically onnect t he_ bo 40a assqci at ed sol der
bal | 340 wit PLAGERERY 1Pt nJs‘i‘b')g Bal£8 530 aSQA}}é TRSRRCEAVERE- 4 i s the
use of grounddiucih ve agiawiss 4980 edbengr ovos bae kedidersp4dd i nclude a
Vi a region 401 and a bond sit re [ on 402. . The bond site regi ons

402 provide §°q4%ﬂﬂa 5 4o vihe ¥EepbApding - Sk&$Spe 78t adited bet ween

a ground padv@.fllakié“fé]icﬂjrﬁﬂzed th&trﬁéltﬁei:OthBﬁ WABe! BBRdi hige sMitas 401 are
simlar to 20 the vias 360 in that theéBBrOV|de a via fromThe.

conduct o | apdQ/3508 a1t BERels veBPapay sitezpativelyhgxtansctrica
connecti on MY higda dfy S 41LERET The H3AR1RY BEPULIRRGAALNTuCt i ve

plug within the via region 401. In this case, "the conductive plug may
be 25 nuch H&QﬁﬁCQQ¢z%Q%FQﬂﬂHF§¥E¢C%hﬂG%§|§é5pWhg§hu?N¢§ﬂddfr°Hl to fil
the vias 360¢nTNgRddie QUL bafod gh 0PRe 409as 360RT O% %delech%f I area I n
whi ch nul tiple ground connections nmay be provided tromthe die to the
TAB t ap@beve -altde &iag gt a¥ed hay wewnidaeamABpeapoggtboengd0

t Wt t d b
Fhorof ol pr aiqe & aEhfEc e g 306 e beHidcea 22888 001 2,
region for melieeyrgoaidy connerdnridmﬂmmdifmesxiegcll Bifg I(end mitect ance
ground pat h arssoél%eé%f?es%ﬁac[ey ft?a{li‘ S&’f@{ﬂ QB% g*i%!gﬁege%% hoed 35

reco&nlzed t hat

above with relation to grou connec 1ons

the bar regions 400 may al so be =~ - : -10-
WO 98/ 25301 _ : S 705492
utilized for cdnné&ﬁ%n%?Q%?(ﬁqugl%ﬂane%ssﬁ% %gepg%ey gung éﬁgnes.

In a vi 8w si megdontso 400G, Amhdqgiouhd|bansregieBSS4al ahteudeta @ﬁbodinent
O cueror PaBEBIR" S 00 d Bona 4HE BLESER! bl SThbhEloghl B3 1o,
regions 402 provide a_large area at wh;ch a wire bond
may be attached between a ground pad of a integrated
circuit to the TAB tape. The vias 401 are similar to
20 the vias 360 in that they provide a via from the .
- conductor layer 320b ‘through the ‘adhesive layer 325 so
that electrical connection may be made to the stiffener
310 by providing a conductive plug within the wia
region 401. In this case, the conductive plug may be
25 much larger in area than the conductive plugs utilized.
to fill the vias 360. Thus the ground bar regions 400
provide .a large area in which multiple ground
connections may be provided from the die to the TAB
tape and also a large area in which the TAB :tape ground
30 connection may be connected to the stiffener. Such
ground bars therefore provide a very low resistance and
‘high reliable contact region for making ground
connections.  The resulting low inductance ground péth
is necessary for high speed die. Though described
35 above with relation'to ground connections it will. be

recognized  that the bar regions 400 may also be -
-10-



sites 330a and 340a, via regions 360, conductive traces 355 bet ween
the vias 360 and sol der ball bond sites 10 330a, and conductive traces
380 which electrlcally connect the wire bond sites 370 tgdymkgmgﬁﬁr
bal | bond WO9RZ330&s 330a and 340a. The conductor |ayer 320b also

I ncl udes a ground, r|ng 405. The ground ring 405 als | udes ground
ring vias 410. Wsild#RAyFQE s6AN ons tF AhRSFi Ry2Prss S E§§ Qé&??lled

with a conductlpfhnes_ plug so as to provide electrical connectlon to the
stiffener. The ground ring 405 provides a conveni ent and accessi bl e
wire bond site for electrically connecting the integrated circuit 315

to the stiffener 20 15330viehl Ginfidd lMStFRE S| heTH M @abandivik LAt ébe
integrated circuit 315 to the ground ring 405 and the wire bond sites

370 of thes TAB ampaliepnate embodimentheof s BBCRoRAGERGE Farprdbng to
descri bed herel&é%reﬁéﬂ%g%e% i bl £, TREA. paska%ewct&aaﬂus& ejd é£

t he end user package manufact urer may sel ective
choose or progr%&@hhoﬁhtbelﬂéﬁ baides 340 |includps ﬁpﬂﬁBZe@aﬂdrkvunhectlons

Lo the stiffenct sushdna ana S0 YUl PLANSHEPBEOCALLAMAIIRL hces

st andard TBGA beed asse e dser"s s i on or
programi ng of 3% béEweencahaxmqasrﬁﬁQﬁam@ldeldbalbsll bortdb gikees

stiffener y cco l,i she I n

desi red w'gﬂ bf% GUEPPg ive ?ﬁg ‘l; éEl&'hWhlc{’h(?l% l%%y aq‘lff)f he

sol der balls 34@0ramelc85thebm¢epaui3m8@atmy3'm tontnaet almlleietm ddkl bond
stiffener, - eifSy 3569 B84 Mo "Rl %d8abBEas 10V 52 SHED: ) (o s0s

an end user mayinklhdé@s aogRond fﬁ.rﬁgﬂm bathepg@dund riddP 468 also
el ectrical signals_which are not .connecte the stiffene mhll
a‘lji834oAFo Si)éo .

utilizing ot her*Rflpfessgrgunc, ing: viag, WigboTids

connections to greusdi tingeria® 41B1|xﬁa)pr1@alﬂﬂléagwﬂtmcantddhm@lve
flexibility to the end user thn the t hods descri hed above with

reference to Plugp@opREofogprovide eleCtr1?% t FOPRGCE 1 HR & R%e sol der

bal I pads 340a s £ffener. The ground ring 405 provides a convenient
and accessible wire bond site for electrically
connecting the integrated circuit 315 to the stiffener
20 310. FIG. 4b illustrates the wire bonding of the
integrated circuit 315 to the ground ring 405 and the
wire bond sites 370 of the TAB tape 320.

_ The use of conductor plugs as described herein

25  provides a flexible TBGA package with which either the
end user or the TBGA.packagé manufacturer may
selectively choose or program which solder balls will
‘be utilized for connections to the stiffener such as
for ground plane applications after the standard TBGA

30 package has been assembled. The user’s selection or
programming of the- electrical coupling of solder balls
to the stiffener méy be accomplished by merely filling
‘or plugging the desired vias with a conductive
material. Thus, though any of the solder balls 340 and

35 bond pads 340a may be connectable to the stiffener,

they need not be connected to the stiffener. As such,
-11-



10 optionally connectable to the stiffener, these pads need not be

dedi cated for the connection to the -stiffener. Thus, many of the .
optional | y connectabl e sol der ball |ocations may be F’éﬁ“ﬁﬁﬁ%ﬁ?

t hr oughoWpO 98128301 circuit without necessarily |osing sig% %ion 15

| ocations, as those |ocations woul d not be dedicated to stiffener

el ectrical canneoti brsT Y@y Middviee somg HEaphei sgldarubel lnepdsake as
many connectbﬁgsfgg ERctricall IdiffNals agnide éPéeﬂﬁééégﬁng%thtW nout

al | ows reover, because the | nterconnect net structure 20
descri bed hetbensu@§§en@¢ abiidet uthd isminerobker of thpesghderi paldved

coplapiarityagggmﬁﬁﬁ %@d@ﬂatﬁyﬂéscon e%§1€%QVE? ??GFQEE?%% Lhe

mat eri al use 0 elec connec ner nee not be the
sane natseri afhis’ prayldhs saummfﬂnﬂntkyquhmsfgenabelltyexobmhetpmds al so

25 rOV|ded as t he, sol | i e teristics
reqU|Ped of YThHé %ﬁ??f H%r iy%a1 &é§é¥l§$%e$$% ?IglFHa?g§§%e§t|I% Ped to
formthe TBGAhe pripackage. |n addition, because only the vias need to be
filled with the conductive plugs,(rather than an entire 30 layer), the
amount of conductive material used for the plugs may be limted.

Furt her nor e, sincButhhe&mbaeiwecauselthﬂi$®&¢éngbahb pads Gd0a aate nake
contact to t i rcuit boar t.her S ch_styresses _between the
packagel andoBhaoBaLiY SPPnefiAtie ¢l tHe TLITLBRFFCy ER8SE BRdSha. gr ound
connection. need not be dedlcated for the corrlection toVEh88/25301

PCT/ US97/ 05492 It will r gnized that a wide.r e of
materials, cORPOEPPEENs, THHG gGRM rqfc t'(é'Hea Ja%agf¥e§°nne°tﬁ§§%

utilized fOfszﬁe¥abaQD!S 16eaRARSIYE MO/ Héepfr&@déd tRaskgpeudO@nhehi l e still
obt ai ning the, benefits of the present invention. |In one enbodi nent,

t he stlffene?lrcult3YBthﬁytbéeﬁﬁ§ﬁ§f¥%¥nﬁ%ﬁ%E&dﬁt??@% RRRBRFALOPFor

exanpl es St|iéé&&ﬁ.ohéyeés3%Q%s@)ﬂ.&&ﬁﬂiﬂ@dn&ﬂ&|ﬁbEYbe ded@tateaplket el y of
copper, stalnless steel . alum nym 10 copper alloy 194, 304 stainless

steel, all oySkpffgper elegtriral IGATCtioRs st i TPeHBPEPESer 310c may have
a thi ckeessaBL1289y! 55 uBels nity HAME | &= anhpr 6bAabtTons tobekieeen O

mls and 16 nmils. To obtain inproved contact
~ stiffener as the integrated circuit pinout allows.
: Moreover, because the interconnect method and structure
20 describeq,herein does not affect the splder ball
height, improved.éoplaniarity between all solder balls
is provided. Further the material used to electrically
connect to the stiffener need not be the same material
~as the solder ball and thus greater flekibility is also
25 provided as to the solderability or adhesive
characteristics required of the stiffener and.:the
solder balls that are utilized to.form the TBGA
package. In addition, because only the vias need to be
filled with the conductive plugs (rather than an entire
30 layer), the amount of conductive material used for the
plugs may be limited. Furthermore, since the material
used to plug the vias does not make contact to the
circuit board, thermal mismatch stresses between the
packages and the board will not affect the reliability

35 of the ground connection.

-12-



resi stance characteristics, the stiffener layer 310c 15 nmay be coated with

a‘thin plating of nickel, ni ckel / boron, bl ack copper oxide, tin/lead
(such as a o L@ah | ead content tin/lead alloy of over 37% lpegfiisopnsso2
preci ous mel e B ch a coating, however, is not requi red. The
stiffener layer 310a may be fornmed from20 the sane materials and of the
sane thicknesses ‘as the | ayer 310c. Alternatively, the stiffener

| ayer 310a i s . hbt wequibedrb@dghxzeﬁnthnmiaewﬁaéeraabeand ot her

materials may be utili referahly those,with od heat si nk , L
characteristics™ aﬁ‘ﬂ’élééﬁengﬁ‘PPa?ﬁ %“fbb s %Omggﬁl?oﬁ%ﬁeéf aﬁ‘r& SHATSsi ve
whi ch nmay bond hwl¢ bayatslized Fbic tard v&ﬂﬂibtﬁ@getbthpéntaﬁﬁbudlfn@h% TBGA
conducti ve adhesi ve. xampl, a.strjp. adhesi ve forne

t her nopl asfi ¢ PaCkﬁSPy?Hdegliﬁbﬁfl QR %?gntﬂﬁbeEeSEFﬁlfgatQQ1

one enbodi ment, paeBehyi Andenkawey. Ofrnl diid Sexm@o@méht? 8fle sWilfFemay be
utilized. As escrlbed above, stiffener 10 may alternatlvely be

formed as a uni 8&Pymayr Ret Gramed fﬁqm\ﬂNQﬂPQ%@E%YﬁeméFFF#éﬁer WOH d be

formed from exﬁﬁﬁfé'a%%l%%%%eésﬂgyéfz§¥bécma§aﬂérféﬁﬂﬁd padtially _Ihe
TAB tape 320 may be fofnmed from any of variety of flexible circuit

tape, flex cjrcertcopplesBly of copper, stainless steel, algminum, VO

98/ 25301 r alloy 194, 304 stzagbnlesngégw 92439 42, oot ape as.

known in the artoPRﬁe con tor | ayer e conp any
pat t er nabl e -condlteyse therecifal The sﬁmﬂﬁﬂnqrfka¢nraiﬂg mayshave & | y

planar circui tryy;cyne BC' A0 DU Qttsléw:%n:%ﬁdmifs &a{ai»e% ?ﬁsﬂcmfs >
such as silicon ang polysiTicon, tun en, titanium
adhesi ves, aIunbahweealenmﬁawlhmdaiﬁnmrﬂs. To ¢bhehnasmptowedUmqﬂﬂagtﬂ,

copper 20 1 gy SRyce SR AN O EiEapieLalue ldy. |

conduct or ayer 'S copper ect yer

conpri sed iof anmapabéecoahbd diiglheat ikcinrgplatiahg of niakedbl e for

i nsul ating conductor.layer 32 i ncl udin .. but.n Lijmted.to

pol yi m de or # g?%/%ﬁ&’t’ %liac'?& ﬁﬂpc,pa yo’ﬁ}%?bc{:f’?zifeﬁger(sgf&aal

pol yi m de, suchhﬁgh lead' DORENKtKAR A 'eand 41 Bhy UPELEXer 3N& GﬁﬂMMCKﬁT

| ayer 15 320b typically has.a thigk ess of betmeen about .2 m| to
about 2 nils, ¥§ %9BFCQF%§lProm%£f Gpating, Jhowever, Is no

required. The stlffener layer 310a may be formed from
20 the same materials and of the same thicknesses as the
- layer 310c. Alternatively, the stiffener layer 310a is
not required to be a conductive material and.other
- materials may be utiliied, preferably those with good
heatsink characteristics. The adhesive layer 310b may
25 be formed of any adhesive which may bond the layers
310c and 310a together including a conductive adhesive.
For example, a strip adhesive formed of-thermoplastic
polyimide, epoxy, or polyolifin may be utilized. 1In
one embodiment, -a polyimide layer of 1 mils to about 3
30 mils may be utilized. As described above, stiffener
310 may alternatively be formed as a unitary structure
in which case the stiffener would be formed from

materials such as utilized for layer 310c.

3s The TAB tape 320 may be formed from any of a

variety of flexible circuit tape, flex circuit, or TAB
-13- '



about 1.4 mls. The dielectric |layer 320a typically has a thickness of

bet ween about 1 m | to about 4 mls, nore typically fromabout 2 mls
to about 3 mils. 20 The TAB tape 320 may be att e
stiffen®O98/2530810 by any of a variety of adhesives. For_aé'{‘:lgl’grr19).{1{';,4;{I

adhesive layer 325 may be a strip adhesive forned of pal yi m de, epoxy,
or pol yol i t iGRPORS KRR xENpERe Ards TheneSpducterphpyrr RFOP RaX pi cal

thickness f @ tdinprisedBESINE paAYEErS26188Y¥oRAuEVE halelrilhd about 4
mils and nore preferably Tromabout 2 mls to about 3 mls.

Sol der bal | U4kt B30 FREMINRG FHPShapkiahly3plangrnEAZcYA t3yi t abl e for

maki ng conngefdiQMuildy .t isut not CPIMPELAT tbaYRELAZAPEhEBHECLES | N the
dielectric = layer 320a. Typically, sofder balls 340 and 333 are
substamt i al [spdpHES ighli¢on ePhyis hbieon, dFapesEenef titanigymm about 10
mls to abo )4l Yl C bei b 0 | nd about
30 rils. OWonfhdilve éﬁﬁgsfvgﬁ,aéidm@éhmtlﬁgﬁﬁgﬂuﬁ_Baéﬁéspgggg

PCT/ US97/ 054%xch as aluminghealldewsBooceppebe ang shdpysornd ze which

provi des suffici.ent, el ectric >on t e : 320 and
t he stiffengpﬁgﬁy%ﬁﬁéﬁ%wég%?%gfér%§§iIP%%¥§ 9Y§F§ﬁ1§9¢0ﬁgggP?@§rb|ug_ For
exanpl e, thdayeas I80b biss -copper+ cUThe dbeldapericTheydirad@ler mafy tiee vi as

in the dielectric layer 320 pi, € vary from.4.mls to 30
s the dCHMEERees o i RA R AP ERL LUK RE B ARSI 1 3 10,
smal | er thasuitabkdEenicy imsuletinel echdbctdd layayeB20bndncladdingyet er of
t he adhesiv r.than the conductor | ayer

l.ayer he 4 0.12.mls |large _
openi ng. - puttgist, Eansted’ vo pol Simfad of pPhESHraE SOk o
di aneters ofeypgalllyy adidlecth it edyée B29£ri828apol@imide, mMshghatast he
conductor | 320 g mlgs ,,. adhesive | ayer 28. The
conduct i ve §%§H§ﬁ§%3“§%€ ¥ ol 6€ﬁ%&§ias .BB ﬁﬁ?dﬂé%PErﬁéﬁeFfon1a wi de
varietys of 320p B¢l By nuEha "B EEkRESs "BY bBEWEER sBbUer .Pasliqs
conductive adhesives, conductive epoxies, or_copper pastes. For

exanpl e, solt@errhPitk & M'@S’“‘B%n%‘?%c%*ly from about .7 mils- to
~about 1.4 mils. The dielectric layer 320a typically

has a thickness of between about 1 mil to about 4 mils,
" more tYpically from about 2 mils to about 3 mils.
20 - . )
The TAB tape 320 may:beiattéched to the stiffener
310 by any of a variety of adhesives. For example,
‘adhesive layer 325 may be a strip'adhésive formed of
polyimide, epoxy, ‘or polyolitin. - Orie. such example of
25 adhesive is DuPont KJ. A typical thickness for the
~adhesive layer 325 may be about 1 mil to about 4 mils
and more preferably from about 2 mils to about 3 mils.

Solder balls 340 and 330 may be any shape and
30 dimension suitable for ‘making connecﬁion to the
conductor layer 320b through vias in the dielectric
layer 320a. Typically, solder balls 340 and 333 are
substantially spherical in shape and have a diameter of
from about 10 mils to about 30 mils, most typically

35 between about 20 mils and about 30 mils.

-14-



20 10Sn90Pb may be utilized and conductive adhesives or epoxi es such

as silver filled epoxy may be utilized. - I n one enbodi nent, 10Sn90Pb
sol der pas%ﬁobémﬁhilized. It is desirable that the condueUrMmssopbssy2
materi al be any conductive material that has a higher nelting 25
tenperature than that of the solder balls so that the plug materia
does not nelt during the bonding of the -  TBGA package to the circuit
boar d. Thieeemiaps Bl6dnmz36 Paersanyeshapenatrersize twhaicl80

provi des an environnent al .. r t\he | hg f t ' d
TABtape. For SRTRHESo; REtERCARE SREGEEICATIBRRACE pecued L ABT,
.encapsul ant dansapey3bé and ther med fifferegh3 ¥Osehent thepwmdya orame sfilpedf

pol yi m de t ape and have a .hei ght_of about .4 mls to 12 nmils 35
to hold thd enc"é’pa@ﬁlaomfmaﬁil‘ﬁitﬁvtené’%'di nyChr §E3TPLe . Ghe, VigS v“é?)f/,sb%
suitably thick encepsskanh BRupee The diameter of the vias in tH&-
WD 98/ 25301 , ) - ' , ECT/US97/05492 R
utilized such tdhRlerEsbsutaneridaladrybyRically vagquiftap ¢ mils to

The TBGA packagsp 3gf18Rythe cHRAMHAEMISH e acvhd@ctor NAES Ofi ATBREALT Be
For exanple, the TAB tape_320 nma atterned by chemical, mlling or

b
etching the dief ee®rie mils ?H‘Fér%%ed:}tﬂ%t&ﬂﬁ SPERANGT Add WhAlikd Rt ayer
to the o diel@pbtiCah@yehe HiGddEr p@fteneeeldﬁéﬁiwels(%&eﬁga% be 4

al i gned and adher’ed fo_a patterned adhesive |ayer 325 10 dhesi ve

| ayer may be pet@eldcBibs lpsgesnitdmn ythe copdnefpdg ke wiargningen t he
adhesive |ayer ygy b attached dipdienshif LRRE 1 als WL met hod, a
TAB t ape haV|ng§3Tg%eﬁa§ be adhered to the stifﬁgﬁ%r W t € an
adhesi ve | ayer diamétesvesofiolShaids Rt vike 18iepactadis dayeaiizhai R0 TAB

tape is adheredyipsthe the cSHUIANS 14 Per Vo30BRYAE ORI It L

adhesi ve roug e use o at1on, 1 ng, or
mechani cals i | |adihesiveysayero2fer AhereondvetiyzeTmBugs 3dGpthichl Hhll

e bate” e SED SRR xS LR Qo0 1
adhesi ve materials. Such materials may include solder paste,
conductive adhesives, conductive epoxies, or copper
pastes. For example, sqider-paste such as 63Sn37Pb or
2 10Sn90Pb may be utilized and conductive adhesives or
epoxies such as silver filled epoxy may be utilized.
In one embodiment,gloanOPb solder paste is utilized.
It is desirable that the conductive plug material be
any conductive material that has'a higher melting
25 ‘temperature than that of the solder balls so that the
plug material does not melt during the bonding of the
TBGA package to the circuit board.

The encapsulant 365 may be any material that
30 provides an environmental seal over the bonding area of
the .die and TAB tape. For example, the encapsulant may
be epoxy or silicone.. The encapsulanf dams may be
- formed of high viscosity epoxy or a strip of polyimide
tape and may have a height of about 4 mils to 12 mils
35 to hold the encapsulant within the boﬁding area.

Alternatively, a suitably thick encapsulant may be
" -15-



| ayer through any acceptabl e met hod such as | aser abl ati on, chem cal

mlling or mechanical mlling. 25 An expanded vi ew of the TBGA

package 300 show ng the vias after formation is sho ' 5 and
 ba. wWos2R_®wn in FIG 5, the TAB tape 320 has conduc?@FkﬂJ&@gﬁers

320b and a dielectric |ayer 320a adhered to the stiffener 310 through

an adhesi ve W3d3.izgek such 3dmrBrencansehantt AppggR 6@hareABatape 320 and the
adhesi ve Iaxég jred325. A-bonding site 340a is provided, at which point a
sol der ball i%lnay_be pl aced. To conplete the el ectrical connection
fromthe solder ball 340 to the ~stiffener 310, a conductive plug 350

[iGPrOVided in tq%éy%BGﬂﬂﬁhéf§68n3§@Qmay be manufactured in a wide
PCT/ USS7/ 0548 g0 OM258Xs .- For examp¥ae tbadlfaBi taps BP0 3% sy be

fornmed either bef qr r . af C .. th ol der, balls 340.
The pl ugs n&ft&gr&l&%%fec el“?\i‘%% é$§%9+ﬁr§g§%§:?§té“§sgh% d:'iléaflegfa"JIllllq(ﬁi d
di spensi ng Maymandipdatiayg da gpattierned cpadtetoadieyiere torthepoxy in the

appropriate vias. , .. ternatjyvely stepgil or k .approach .may al so be
Dt i zed foRHSIEaTH n@"%ﬁr 1 hei"x‘/?%s‘?g% %Eﬁeaﬁs%ﬂ% £2BE WAV RS 1 ng the
conductive pligheibQric dtwed ntd| &patberficdnddhesives 1y 326 FIG 6, a
mask 600 nade of a,. . material such as a_stencil. or screen as .comonly -
loed 1 MBS AMRSHYF Ay R THE.CRS BOLFCEREUTAY MEsbamtaAtlY he TAB
tape is adh@u@&rﬁmgthﬁxétéﬂ‘afse)\r;\ﬁr Bién the ﬂﬂﬁg'sive gaqet‘:?mta@;- rtsﬁe OpenOI
regions 610 in the Jocations where it 15 is desired t ormthe conductive
pl ugs 350. aﬂg;ched thﬁﬂﬁuﬁ?%é??ﬂ%ﬁ‘na?ErFﬁPtS§rtW§ﬁ%ﬂq4(ﬁjqqpthe vi a
regi ons 360+tapaulpsrAauntdiad hea daebedr €60¢BE stiffleddd REtithe
conductor plugs. The solder bal]s 340 may =~ be applied as shown in FIG
6a. 20 PR AR aSHYRI IANAS HbbeR, deRe FRB Paye 3bE 3 two | ayer
TAB t ape ‘hayatd edridifl € oanehictng TABefapbnNis adhel®Rr Itdy @helAB tape, both
| ayers 320a and 320b are . . . _ E o . -
stiffener, the via may be formed in the adhesive '
through the use of laser ablation, chemical milling, or
mechanical milling. In yet another alternative, a TAB
tape and an adhesive layer, neithér being patterned
20 with vias, may be joined to the stiffener. Then, the
vias may be formed in both the TAB tape and adhesive
layer through any acceptable method such as laser

' ablation, chemical milling or mechanical milling.

25 An expanded view of the TBGA package 300 showing
the vias after formation is shown in FIGS. 5 and 5a.
As shown in FIG. 5, the TAB tape 320 has conductor
layers 320b and a dielectric layer 320a adhered to the
stiffener 310 through an adhesive 325. The via 360

30 'extendS'ﬁhroﬁgh the TAB tape 320 and the adhesive layer
325. A bonding site 340a is provided, at which point a
solder ball 340 may be placed. To complete the
electrical connection from the solder ball 340 to the

- stiffener 310, a conductive plug 350 is provided in the

35 via region 360.

-16-



outer layers of the tape. " Alternatively a three or 25  nore |layer tape
havi ng one, two or nore conductor | ayers may al so be utilized.

I n.yet another enhodi ment, nultiple conductor | ayers may peerrosirasand
by adheri ngev&%s’gg&rmre two 30 | ayer TAB tapes together. FIG 7

il lustrates an enbodi ment in which three two |ayer TAB tapes, TAB tape
700, TAB tape 710, and TAB tape 720 are all adhered to - each other by
adhesi ve | ayers 725. Than caihirgitiere qyRigs 350 3mayabeatbemeicheiildyr - t ape

stack to the stjffener 310._35 Each, of the TA e includes Si e

pol yi mi de | ayerPefore;of é‘fstierfglté“%oﬁ‘lhﬁ%?%‘?nFaQEr Eggcﬁogge&i S‘Iaég]tsr |€g¢ ayer
-17- WO @ﬁé2?§Q§s may be deposited in the vias throudBCHH&EAT¢8€5492
720a and conduct or [ayer 720b. An adhesive |s proyided bet ween each

TAB tape sd as P8 gerddidd Heorgnskey maghine which Ty, @R tR® shown in

FIG 7. Each ofathe, TABhesivd 2RSS &8 7i9atﬁéda§F905&Xa@%lﬁﬂééﬂned to
formvias 5 as di scussed above with reterence to the single TAB t ape

enbodi ment. As Bhsemnatimedy 2 stenGihsoraask appxeash pevaditorike or

more of the TA FQlor the KAl Ry 8fViRe 749281 OVidGH <k W dgen
the TAB tape Bu]tagg%egr]?otrhe. TeAB t ape ?710. Li ﬁewi ge, avia 741.%?%5% des 10
an openi ng so -t fier feemiag ddiorcorgeetbye TaBugapdsSPods showns igx pgk@Sl- and
via 742 prgvi de I & openy lﬂgg_h»__ exposes I 3 ~As
with the s@ngle%tggé 3 gﬁggslnéﬁtlﬁigﬁﬁésgﬂ gbgég% ??Hd&%?%%é%%%ags may
t hen be plmeteéniialthisughes/iasstenshbwori acEeEn as. chmBoridy hssed

illustrates a copducti ve pl ¥ C h C cto yers
of the TAB tape“}‘z %gnémt uesl'{%&éﬁ?%%d}g%fgggg. ggggﬁdgg [ \?@Bplq% L%Eﬁf%%%vi des
an electrical the TaBnaaEpen Hadisened heo ThBet apeffefieandlithe THE: tregsk
700. Finally, c uctor plug 752 provides 20 | eqtrical connection

bet ween the TAng§p§°ﬂ£?¥ﬂé3?3ﬁP_regl%??fggﬂe%n3fg? S %HoqﬁEW'?ﬁﬁyﬂEed
that a wids isvakisdtne dftc oidimathensonflucohmecpilans B&SOreerTHde TAB

t apes and/ or stiffgner,ngy t.hen be_ ac t he use of

vias and conducFPPEYGHY: pﬁﬂ%’,mﬁiﬁ%rcofp}'%;gﬁgﬁt Eaggﬁﬁe&ﬁ e Hedn herein

are used for - regdiilonsstyIel) vesybsPGsent DPl yhanflaskemagndepirediovdd | i zi ng
leaving the.conduCtor-plugs. The solder balls 340 may
be applied.as shown in FIG. 6a.
20 o : _
‘In the embodiments above, the TAB tape 320 is a
two layer TAB-tape:having a single conductor layer. In
a twé—layer-TAB tape, both layers: 320a and 320b are
outer layers of the tape. . Alternatively a three or
25 more layer tape having one, two or-more conductor

- layers may also be utilized.

In yet another embodiment, multiple conductor
layers may be obtained by adhering one or more two
30 layer TAB tapes together. FIG. 7 illustrates an
embodiment in which three two layérmTAB'tapes, TAB.tape
700, TAB tape 710, and TAB tape 720 are all adhered to
each other by adhesive layers 725. - An adhesive layer
325 attaches the multi-tape stack to the stiffener 310.
s Bach of the TAB tape includes a single polyimide layer

and a single conductor layer such as. dielectric layer
' -17-



conductive plugs to electrically connect multiple TAB tape | ayers

and/or the stiffener may be utilized to achi eve various electrical
connections. 30 FIG 7b illustrates another mul
enmbodi meMO 9%8253ke present invention In FIG 7b, two EF“%ﬁSQ@QQ?TAB
tapes 710 and 720 are provid adhesive | ayer 725 adheres the two

TAB t apes tob@me?ndsson%caaﬁeéwsn 3¢apb- 32§%mW%ésrmqw&dto t he

stiffener 31&th&@ J&&tm ¥8Bel 86! B4 oA G@IRIRA ithe stacked T
-18- VWO 98/ CT/U897/05492

| ayer 720a aﬁfip%oﬁm@‘é‘#r?a?@ shosn TReFIAB tlape Erpd of therdARles
dielectric laysds 76g, aﬂﬁocoaﬂacm hd3¥ebe patt&id ﬁ)at trp%isaesen in FIG

7b, the TAB t pes 720" and are arranged such e two conduct or
| ayers 55 7%10% wl‘liﬁ)%df%\l@@"eavhtbt nefexenget o adweﬁwll%y’EAB 725

fornepl bet\rl\entgé(})t E%gﬁ%gﬁ r Iggegﬁowé ?_gng-li%t | V& the a’qﬁ%r fills a via

that is fo ectri 7204, Tcon ayer 720b,
and adhesi veextagmead - betweé’QSonetom mereorfotté@ TAR . Hapetshi s Baanner

conductive dﬂ#ﬁ 7 e L ctor
| ayers 720b%5n %a.g géozhg rSk%&% g Q% gnggé pagkage of 1 G 7b
may al so- utr]ZQeamdaShehﬁABekaped710. LhkeugbeTAB tveipe TANO mrpvidds t he
stiffe 310 al so act.as an_el ectri | a FI GS
o and 45 i | TRV 8 o8B REr tBRLBRPRUREDY Tovgt B Ta capq oo
conduct i ve plsigsxposed TaGA phakage prov:.ldesi ag viial tdgdrﬂxrg)mdummr | ayers in
addition to a cgﬁducélﬁg sgifégp AThe g@?} in%pt emgnstrated in 20
FIG 8 is siFHRAT®Y 0" 1hat “ShoWAF n FPas. °7 8 € st 3R%t her than
usi ng nul'ti pirmbddihémpesdisOnesédoabove,| apatutAR viea pd (320 niady Whdn zed and
mul ti pl e netal heets o 0|I | ayers such as tal Jayers 83Q and 840
are provide /%1%‘5%% % ViRg ?ﬁBsf‘gb’é‘”Ila'&/gE[QS 14 82(3?S ci‘hgh}ret al
foil |ayer &391u§tf&1£@§aé é@naubayeé plug 8&0 wividtH hwriddddeniie 310 are
adhered toget he qﬁgﬁ t hree adﬂ % 25, d§3 and 845. Vias 740,
741, and 74FREPTIRR HRYSEP B8 Fhot RS prnd the, AR Yo <i m | ar
to the vias HeGEr immwtﬁvéeﬁfﬁgnuslsarov&aesl @n Edecfﬁdﬂh’ﬂ]l y, conductor
pl ugs 750 .n%%néggagagbetween the TAB tape 720 and the TAB tape
700. Finally, conductor plug: 752 provides an
20 electrical connection between the TAB tape 720 and the-
stiffener 310. It will be recognized that a wide
variety of combinations of connections between the TAB
tapes and/or stiffener may then be accomplished through
" the use of vias and conductive plugs. Thus, the
25 specific connections shown herein are used for - .-
illustrative purposes only and the concept of utilizing
conductive plugs to electrically connect multiple TAB
tape layers and/or the stiffener may be utilized to
achieve various electrical connections.
30 o L
FIG. 7b illustrates another multi TAB tape
embodiment of the present invention. In FIG. 7b, two
two-layer TAB tapes 710 and 720 are provided. An.
adhesive layer 725 adheres the two TAB tapes together.
35 - - An adhesive ‘layer 325 adheres the TAB tapes to the

stiffener 310.: The TAB tape 720 includes a dielectric
-18-



may then be used to fill the vias as shown in FIG 8a. Prior to
| am nati-ng the netal foil |ayers together, the netal foil |ayers may

be pre-patterned 33% and coated from one side (the side that peyrdsoressode
used with DRI a conductive plug) with a thin

-19- WD 98/ 253 - /| US 5492
i nsul ating pol yrf¥fe¥ ?#QSGn%F(?Hd@&ﬁ%r Y $hsi 48P0 The T@ﬁ??"’}ﬁe ﬁég
pre- l|c;ung|hed h0|lgﬁcltlidé§ediéﬂ.éctEQ|c| Qi gy 710at5hg qﬁnﬁ]&icﬁdra)aﬂel’yadheii ve
may be deposit ver the ner, c an e f Oi cke
an)é | ani ngt ed'g7 00*?0 the Sert P@néFe\T\i tll”f‘?ﬁeé Z)]POpFF‘&t E‘Aﬁol 7;%

al | ow i nt er connexg | e bgt raagedheudes itk Iwerﬁonb@nducto&olwrsoatl ng
850 on the inside of the_holes in the net al . f oi ayer saE}/e‘sprevent

undesi rabl & shot¥ih@rd 720b freec &k qféy%ﬁ’s‘”l?ﬁrt >?a
FIGS. 8 and 10 783, r¥hREdVbatwién THE tddidetyotli Lhodrishe eondddt Die

TAB tape 820 will electrically connect to the stiffener but the

pol ymer film 8F0tud | T33r Edhe @ ¥der ithat is fesmadcthgruedt e Her bF ug

and |ayers 830 png 84928, condh*c‘:@:tof’'13.aye§15 720b, and hhesildie GppgCtive
plugs may be utilized In a variety ‘of nultiple conductive |ayered

arrangerrents 125 whi Eh vdjlpbevineod ey dhat tnrEbis mennesg canfuehtyey.
As shown in %lecq 748 §ov§ﬁ@f98%’leté\?rfc9'@8§{:é¥€ B twlle'h9% Ji

utlllzedto co avalet uctor layers to eac other
and/or to the sltaxfésme?ZOb andFt']rltOIaer mitheQugly| net balows,nﬂ:ylebé'ﬂﬁsom at ed

w th sone d 2R t e
pl ugs may not d&gcen? Eispe?#%&oﬁ%?wgiﬁggﬁt thd q-Toher él#%
conductive pl ug:l*rmyugthr'éAﬁ bepesdd & azo thatrbbhei aglifgm@mamf(} ommrml@ayer

to another. The T, I aU t he enbodi nents shown in FIGS.
7-8 may be® cstf'b\m il gigﬁitng:s ls%(:}lérneln FIGS. 3 and 4. The met al

sheet |ayers 830 and 840 nay be unpatterned netal 30 sheet | ayers ,
G tesired cireut Fio5arPere B Bhrueteftf TRt  AootRb st SRR o
limted to net af fohésusadefottheommarducst iwenl p¥agst éal a TBGA package
' | ~having multiple conductor layers in addition to a
conductive stiffener. The embodiment demonstrated in
20 FIG. B8 is similar to that shown in FIGs. 7 and 7a
except rather than using multiple TAB tapes, one two
layer TAB tape 820 is utilized and multiplé-metal:
sheets or foil layers such as metal layers 830 and 840
are provided. As shown in FIG. 8, the TAB tape layer
25 820, the metal foil layer 830, the metal foil layer
840, and the stiffener 310 are adhered together by
three adhesive layers 825, 835, and 845. Vias 740,
741, and 742 may then be formed in the multi-laye;
stack 815 similar to the vias described with reference
30 to FIG. 7a. Finally, conductor plugs 750, 751, and 752

may then.be used to fill the vias as shown in FIG. 8a.

Prior to laminating the metal foil layers
together, the metal foil layers may be pre-patterned
35 and coated from one side (the side that will not be

used with bond with a conductive plug) with a thin
-19-



alloy 42, tungsten, titanium stainless steel, 35 al um num al um num
based netal s (such as al um num alloys), and all oys and conbi nati ons

t hereof, etc. - 20- @ég 2301
PCT/ US77°Y55$§7L’53°1 - one enbodi nent copper foil is coated ctT}ﬁgg? n plated
metal to provide ag?od solderability, |ow cost and/ or . reduced

oxi dati on cH&sadaRing iRalymsanfita 860 whick coalise thwaingde Rf ude, but

are not |imdRg, i the ré%&@@ﬁa&ogbneg oh E'h%t efdum Cketo Tthedegy / boron,
bl ack copper oxide, tin/ d (such as a_high | ead content

tin/lead al [td\isof %\ré?lrbolﬂygv%qi)eaa}vermﬁyeéﬁoﬁi@posn%tw%r et
typically, gadl?r@ﬁ i iné #n&OPRER Eaél foil  sRAHKMH aﬁﬂch'

bet ween abo about 10 10 mls, nore typical bet ween %%out 2
mls and abé@w the stififenemaovithi thel ﬁEEFQﬁré-m rlvgﬂ@rs eﬁdomnefs '¢1¢cr ons to

about 3 M CrONYy intehtonnect é!,\p bEtiiBen] Iaﬁenue%&fw %@P@Ptaﬂ&
vari ous | ficatlons andl ternative forms, speci od| ment s
have been SD@MYMQF\MﬁﬁﬁﬁHGD@ﬁ@ﬂQmahUe lnSld@s@ﬁlwé@Ihﬂkﬁ&]lﬂkNEWer it

shoul d be u t { qﬂq$g. e I|n1ted
to the 20 EJn%gtr cu ar ]Tac}f qfia%hﬁgé{g%ﬁg kaaﬁgir%?’%g :gtnven |0‘#1QC(? '

cover all mmﬁéia&nﬁanniaxﬁnﬁvalEnrsexamnle as ahnmnuﬂn\RiGSéHS|aqdmﬁth|n
t he Spl it d e _of ' f enged

cl ai ns. JI\/br?%v’er He "%af he “di Jf? e‘?ip¥ﬁ§g%g ﬁlﬂ%dn%% ose rglufc]t ures
and 25 rreﬂ'mtﬁds:alm/ 820 will zeblectnryaalbyscoonblqtattloortshearaﬂxffener

oeenent i, SAE RaiSridY R AR 0, O8Ly PERVRAL Rpepns Y 0%
E connection between the plug and layers 830 and 840 in

that via.

15

Thus, the conductive plugs may be utilized in a

variety of multiple conductive layered arrangements
which may provide greater circuit routing and density.
As shown in FIGs. 7, 7a, 8, and 8a, the conductive

20 plugs may be utilized to connect a variety of the’
coniductor layers to each other and/or to the stiffener.
Furthermore, solder balls may be associated with some -
of the conductive plugs, however some of the conductive
plugs may not be adjacent a specific solder ball, but .

s rather, the conductive plug may merely be used for
routing a signal from one layer to another. The TAB
tapes for use in the embodiments shown in FIGS. 7-8 may
be similar to that as shown in FIGS. 3 and 4. The
metal sheet layers 830 and 840 may be unpatterned metal

30 sheet layers (typically for use as ground or power
planes) or may be patterned with. a desired circuit
pattern. Suitable metal sheets include but are not
limited to metal foils made of copper, stainless steel,
alloy 42, tungsten, titanium, stainless steel,

35 aluminum, aluminum based metals (such as aluminum

alloys), and alloys and combinations thereof, etc. 1In
-20-



-21- 1. A package for an integrated circuit, conprising: a
conducti-ve stiffener; a conducti-ve~Tifcui tukayer attached to said
stiffener; a plurallty of sal«ler: bal |l bend sites within said ﬁtfﬂﬁwimgmz

| ayer; dV 5?5*? of sol der bal t's- e{ect¢|caily coupled to said

lurality of sol der bond- sit €s | east o ey ect |1 | ed
ltoo at Ie;st one®F %ﬁsadlmengoFSEPeﬁal Cldortd 93 sa1'€gl % Ehglgngiof s'.égt
fromsaid sebeel bal prbotidesigoes, sﬁ:&dﬂan&hm.]fﬂryrpdlw absow eheld'or
trical coupling of said condugtive circuit |ayer anqg onductive
stiffener; and FeQuEsfdo¥t 9519Pu§hﬁqﬂﬂ§?§%ﬁ %FHP%SHdﬁ tive plug
electrically qu@itasléabeaehhgulhddmﬂaézuuhﬁ%aﬁbcmmﬂurlmltestwe a
stiffener, said solder balls and said conductive plug havi ng.rel ative

hei ghts suth t heeT5aFE SBREAPILAE PLAkPd nigkely (Athkel (BOEOBabSAgke
wi thout said condyshiVExRHEY tin/M@hi RGGRi4s HDsigRt Bead éontlatpackage

of claim1, said conductive stiffener form ng an electrical plane. 3. The
package of cIa|ﬁ44/1¢§ﬁthéiO&oﬁﬁrpyeﬁgbOUQa heagadk PRYBESEAOLHSen said
conductive stiffe ﬁgisandM fééT(g““é EN sheé@'gs %acgﬁb%Q fryined

I n said adhesive layer rcuit layer e package of

claim 3 furtherhavipgi si hglckn§§|5d ofoifiataare qﬂmlgt ektmhl;ll andfr ebmudt JJQeast
sai d s;|ff$ner mils tﬂo§3'%yﬁ#c§ﬂﬁ 5%} een 5% 4%T§9§i gckage abdut
at ui 0

el ectrically connecfing an circ a su strate sald
package conpri shihls andaacnndkeﬂMb@rﬂn1ﬁbauﬂng of about .5 mic;ons to

about 3 microns.

15 - While the invention may be adaptable to various
modifications and alternative forms, specific
embodiments have been shown by way of example and
described herein. However, it should be understood
that the invention is not intended to be limited to the

20 particular forms disclosed. Rather, the invention is
to cover all modifications,-equiﬁalents, and
alternatives falling within the spirit and scope of the
invention as. defined by the appended claims. Moreover,
the different aspects of the disclosed structures and

25 methods may be utilized in various combinations and/or
independently. Thus the invention is not limited to
only those combinations shown herein, but rather may

include other combinations.
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b 10T l!!‘ﬁa.“g?ez&f' ' ad flexible  rout

| ayer: an adhcsive |ayer For ¥ Sﬁﬂﬂf X|ble j psai d
sti ffrnewomsa Iblurality of sol® S|Etw I ocate on séisg'
flexible CII‘CUIt lurality of s a%JpDal | s el ectricallv
coupl ed to sHFAT IS C |¥%;cﬁ sol der ball bond sites; ~ a via forned
in said flexhble g rp%laxéa@dfos@%aﬂh@éw&ed cirb@YE! cambdi¥iaghor med at
a location ofher than said sol der” bal I bond sites and prOV|d|ng a
pat h t hrough ' whi ch el ectrical coupling of said stiffener and said

flexible circuit #Haﬁgya I'ﬁggfg &nd - a conductive plug
within said via, Eﬁ%’ SO éﬁﬂﬁéi S aﬁa sai d conductive pl ug havi ng
rel ati ve hei ghts such that said solder balls nay be attached to said

Substrate - Wi t houy o, | trate. 6.
The TBGA package of é1a|§$§'fu?#h éy%%ﬁ% s%n%egé% urgtgtégg vias forned
in said flexible circuigtiagnfersrxd adhesi ve | ayer, said plurality. of vias
being selectably fillable with said conductive. plug. . 7. The TBGA package
of claim®6, said conductive |layer of said flexible circuit facing said

stiffener. 8. Anpwumakxhy(Dﬁkﬁﬂ&ﬁgmfbnlblban@nsntesowathmbssaaue,
conpr|5|ng an inte rated C|rcqé£ £ % a ball grid array package,
sai d |nlegrated circuit %ﬁ?%&ﬁmif > 349 said bal |l grid array package,

said integrated circuit ~and sald baII grid array package electrically

coupled to each other, said b ra kage co i Si_ng
S tbnauct i ve stif Pondeath fns wip erteeTHsa Ty HelBEed %o eiRietand
attached to said stiffejinf,of said asdldenlhdyl dbondl sletebpl skaidl egaarically

coupled to said TAB t a ast. one condquctive plug
electrically coupling £§d9 offset ﬁ%@?t%&k@tﬁ°£§ EﬁﬁguBPP e stiffener

sai d copduc- - - tditee gyl Ugh i vilh hEsimedt €b | ¥1 Dbl seleEtoiicaai d sol der
bal | s; wherein said olden§€alls and ald at | east . onf conduc-
tive plug have relati vé:‘?’t’é?s]g‘tﬂ cﬂa’c‘ﬁa‘f° Pt %Y)?d%’rrcult ayer and

said conductive stiffener..

C 2. The package of claim 1, further comprising:
20 | S :
a conductive plug within said via, said conductive
plug electrically coupling said circuit layer

and said conductive stiffener.

25 3.  The package of claim 1,wsaid conductive stiffener

forming an electrical plane.
4. The package of claim 1, further comprising:

30 an adhesive layer between said conductive

stiffener and said circuit layer,

said via being formed in said adhesive layer .
and said circuit layer.

35

I'ls Sheet-Has Been Rc.-.ﬂll - : -22-
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bal | swﬂww’m Hﬁﬂtﬂlto sai d subdt ' at | east one
condu ') H ng said substﬂ%?”ﬁﬁ-qﬁﬁ%&package of claimS8,

further cowé'sﬂsgﬁ: a pluralitiy of GF%\A ectrigal |y coupperiussn/osasx
sol der bal I's; said vias being selectably fillabl e such that said
sol der alls upled to sakd_ vi qﬂ#i ctrically
coupl ed to sai té'con &%t %vaeé:l(saﬁ)?fcg%e?xéilﬁ quél egflgtg%rﬁ%%gsg ¢laim?9, said

TAB t ape including at | east one conductor .l ayer and at |east one

ool eelri 1OVEr aS ARSI opa Y RATA S, | YRy 010 saic

+- 23 - WO 98/ 2530konductive plug extending from at least said

PCT/ US97/ 05492 -+ 9. _The TB ackage af claim8, said package
further 5 conprising & ?é%tgpPﬁd%Nqﬁﬁqukrﬂ%%%f‘one of sai d
vias. 5 10. - An el ectronic package for nounting on a substrate,

conpri si ng: an integrated circuit;, a ball grid

a 10 .
array package, Ssai dB FB&H RackagechPr electrlcg¥ay conng¢btREd@Po sai d

ball grid arraynpagtdd@®d circuit to a subddRlRCtriLad HaBRage! ectrically
coupling said integrated circuit and said ball grid 15

array package, COBPEFLSdANIgrid array package
10

a conductive stiffener;

a flexible circuit attached to said stiffener,
said flexible circuit including at least one
15 _ dielectric layer and at least one conductor

layer;

an édhesive'layer*for-attaching said flexible
circuit to said stiffener;
20 | |
S -.a plurality of splder'ball bond sites located on

said flexible circuit; and

at least one via formed in said flexible circuit

25 and said adhesive layer, said via formed at a
location other than said solder ball bond
sites and providing a path through which
electrical_coupling.of.said stiffener and
said flexible circuit may be accomplished.

30 o

7. The TBGA package of claim 6, said conductive layer

of said flexible circuit facing said stiffener.

8. The TBGA package of claim 6, further comprising a
3s plurality of said vias, said vias being selectably
fillable.

-23- S '
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conpri si ng, a conductive stiffener forn1ng an electrlcal

pl ane, 20 #J'mummuﬂﬂﬂ "Td to said stiffener,

a pIurallt ~of sol der ball + o j §E¥R1 gy sai d
TAB t ape WO H¥es3y © &t lea$t one conductive plug e ec?rlcally
coupling said TAB tape to said conductive - stiffener, said
conductive plug being hori zontal |y offset fromsaid sol der
bal | s 30 9.11. TEQGTB@QK%Q%&fgeU&E rEl]aQ;mSQJ dssohdghckabks fardher said
conductive plugs havi ng relative heights such that sai d sol der balls
are nDuntabIﬁomﬁréﬁFagsGb§PP§P€tlve Rlithathip gaktohBasti eBepPrdgs t ouchi ng
sai d substratgid39ias. - 24- WO 98/ 25301
PCT/U897/05492 12. The package of cIa|n110 further conpri sing:

a pluralbity of vias electrically coupled to said sol der
balls, said ypas Fﬁ'@ge%% %%H%bBééiage for mounéih aBheasye sEQ%Eeﬁa'd

sol der balls cou to sald vias optionall
electrlcallycomPIlSlng coupl ed to said conductlve stlffener

13. The package of claim 12, said TAB tape including 10 at |east one
conductor |ayer and at | east one dielectric layer, said conductor

| ayer being an ouaer integriadeer diamuig/santd conductive stiffener
10 ,

a ball grid array package, said integrated circuit
attached to said ball grid array package
and electrical bonds electrically coupling
said integrated circuit and said ball grid

15 S ' array package, said ball grid array package

comprising,

a conductive stiffener forming an electrical
plane,
20
a TAB tape attached to said stiffener,

a plurality of solder balls electrically
coupled to said TAB tape, and
25
"at least one conductive plug electrically
coupling said TAB tape to said conductive
stiffener, said conductive plug being .
horizontally offset from said solder balls
30 ' .
11. The package of claim 10, said solder balls and
said conductive plugs.having relative heights such that
said solder balls are mountable on said substrate
without said conductive plugs touching -said substrate.

35
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14. A nmethod of formng age, 15 conpri sing:

provi di ng a conduct | ve sfn."ﬂ %mﬂm"!l m attachi ng a flexible circuit

to said stiffener; s N sol der ball bond sit egrinisegRsa2
d.

flexible WO98/2531 CII’CUIt an formng a plurality of
.vias for electrjgcally, 25 coupling said stiffener. _and said
flexible 137 fne PRFEREE °sfaicd‘a\ﬁ“gsi ’orﬁé’dggsrt FPSA° Hg:

el ectrical coupling may be independent of the pl acenent of
sol der balls on said bond si.te y be sel ect.ivel,
acconpl i shed after 3® P “rallty °§y¥%f%u?%ﬁﬁﬁﬁb°§%g§ cotpled %§

met hod of claim 14, furth@plge¥Halilg said vias beiﬁbeebu\é@t}aﬁly ling at

| east one of said vias with_35 a conductive p %é

-25- 8 - pEHLisbirsieh s 9Fena0zoLder badds campiad hod
of claim15, said C,Onduct ‘t\Ses%t 4.8 ma opeiaﬂaigwsa L2 el@ A@ltall

el ectrical plane. 5 . The nethod of claim 16, said vias extending

t hrough said flexible C|r@@uplﬁﬂjﬁQHﬁﬂ#Qu¢?EP%?téH?d5tlffe§ﬁ44ener

13. The package of claim 12, said TAB tape including
10 at least one conductor layer and at least one
dielectric layer, said conductor layer being an outer

layer facing said conductive stiffener.

14. A method of forming an electronic package,

IS .comprising:
providing a conductive stiffener;

attaching a flexible circuit to said stiffener;
20
.providing solder ball bond sites in said flexible

circuit; and

- forming a plurality of vias for electrically
25 . coupling said stiffener and said flexible
circuit, said vias formed so that said
electrical coupling may be independent of the
placement of solder balls on said bond sites
and may be selectively accomplished after

30 : said attaching step. -
15. The method of claim 14, further comprising:

selectively filling at least one of said wvias with

3. . a conductive plug.

-25-



18. A nethod of form ng a TBGA package, conprising: 10 providing a

conductive stiffener; mm”ul I ng a TAB tape to said stiffener;
15 form ng bond wmmﬁ tape for receivin

a sol derwp#B25303nd c ectyioal ly coupling a vi aq’tcéméﬁmmgt one
of said bond sites, said V|a prOV|d|ng a 20

sel ectabl e el ectrical connection path ' - bet ween said TAB t ape

and said conggctiyge method of claimStisf @Raly RidhtZde e f&h&pt ably
fillable independent of the g acenent of sol der balls on
S

sai d bond siketnguéarmad: ta an electrical gdiad&- bal | electrically
coupled to said via may be electrically decoupled from said
conductive stiffener. 19. The nethod of claim 18, said attaching
step 305 conbti si'hgeame'ahnﬂngfanléémerlGGoﬁ@dGit cyriaSamec;rdiswd TAB t ape

to said condugtiNgnSLLLheRebxtbi) 212U cernindling He sELhOd O

claim 19 conpri ectlve urallty of

said vias wisthiffener. - conductive plugs. -

- 26- WO 98/ 25301 _ PCT/ us97/ 05492 21. A package for

an el ectronic device, conprising: a conductive stiffener; 5
18. A method of forming a TBGA package, comprising:

10

providing a conductive stiffener;
attaching a TAB tape to said stiffener;

15 forming bond sites in said TAB tape. for receiving
a solder ball; and

electrically coupling a via to at ieast one of
said bond sites, said via providing a
20 selectable electrical connection path ;
" between said TAB tape and said conductive
stiffener, said via being selectably
fillable independent of the placement of
"solder balls on said bond sites such that a
25 : . . solder ball electrically coupled to said
- via may be electrically decoupled from said

‘conductive stiffener.

19. The method of claim 18, said attaching step
30 comprising attaching an outer conductor layer of said

TAB tape to said conductive stiffener with an adhesive.
20. The method of claim 19, further comprising:

35 selectively filling a plurality of said vias with

conductive plugs.
26-



a polynerlc base sheet; tive traces forned on at | east

ohe side of , a series of gaps forned 10
bet ween por‘ﬂ':)ggég f a nunHmﬂHH'"mﬁ DZﬂm _ _ conduct i veedmresdgmsdaazai d

conductive said stiffener; an
adhesi ve between said polyneric base sheet and 15 said :
stiffener, said adhesive having a . sufficiently | ow conpl ex
viscosity at bomﬁlngA package for arn embecttonict desilest,amangtisingt any
spaces _between the conductive traces and

sufficiently high conplex viscosity at 20 bondi ng tenperature
to prevent said adheai ¥énductive stiffefiepm flowi ng through said gaps to
cover the circuit traces there between; and at
| east one Vi a Iocated bet ween at |east ‘6ne of 25 - said
conductive traces .ang gauqmaayﬁunasgesheet, stiffener so that an
el ectrical connection Is capabl e of being forned between at
| east one .of said conductor traces and said conductive
stiffener. 30 28onah%taa;@<ageaéés Cf@hﬂéalonf Wt N2 sAOaHd Séide of
a plurality of said vias; and plurality of solder ball bond
sites electrically said bastﬁEﬁ%HrtB ggrdeg £f QQﬂﬁgﬁQE%ﬂ%nt of
sai d between ortions of a MR 3¥0kai
PCT/U897/6%492 s being offset fromsaid solder bal | bond
sites. conductlve traces, said conductive traces

adjacent said stiffener;

an adhesive between said polymeric base sheet and
15 said stiffener, said adhesive having a
| sufficiently low complex viscosity at bonding
temperature to substantially fill any spaces
between the conductive traces and
sufficiently high complex viscosity at
20 bonding temperature to prevent éaid adhesive
from flowing through said gaps to cover the

circuit traces there between; and

at least one via located between at least one of
25 . "said conductive traces and said conductive
stiffener so that an electrical connection is
capable of being formed between at least one
of said conductor traces and said conductive
stiffener.
30

22. The package of claim 21, further comprising:
a plurality of said vias; and

35 a plurality of solder ball bond sites electrically

coupled to said vias, the placement of said
-27- '



23. The package of conprising at 5 | east one
conductive plug for 'H" l" Hﬂ, e of said vias, said plug
extending. fromsaid stiffemerstos =+ said at |east one cgggﬂﬁgg gwirace
24. A %Eﬁ%“&or an integrated circuit, conprising: 10 "
conductive stiffener; , adhesi ve | ayer; IeX|bIe
circuit, said flexibl ¥&% Qfing oBPs8E ERom sgdn i %dﬁg é’tallleé’sotmld
dielectric | ayer and gites. . g conductor. | ayer,. said flexible
circuit being adhered to said conductive stiffener by said
adhesive | ayer such that said conductive 20 | ayer faces said

conductive g8iff@Rer pakkage of claim 21pardréfdBesicémprakihgC@H acts said
conducti ve X lurality of_ vias

|.ayer; and
ext endiSng t AEBEShO8E gopstuctive plug Eormaet 4 P&ygﬁaéﬁdQ§%(9QNMeS|ve
layer to  said vias, séi@‘%fﬁdféf%@ﬁdlﬁé'ﬂr&ha§a960§%QE@Qd%r to

| ocation for electrical contact”"to be f bet ween sai d
conduct or | &péf afdlegis§ one CondUCtlvecbﬁﬂGEtlve stiffener. 30 25.
The package of claim 24, further conprising a . plurality of sol der bal
bond sites, said vias electrically coupled to said solder ball bond
sites, 24aj dAvpaskegienf doraredintegrabedt Féncyiber compyisding :35

solder ball bond sites. _ . - 28- WO
98/25381 PCT/U897/05492 26. The

package of cl ai ne2¢ongaict ivieassthief feper;
an adhesive layer;

15 ~ a flexible circuit, said flexible circuit
.comprising at least a dielectric layer and a
conductor layer, said flexible circuit being
‘adhered to said conductive stiffener by said
-adhesive layer such that said conductive

20 _ ~layer faces séid conductive stiffener and

2said adhesive layer contacts said conductive

layer; and

a plurality of vias extending. through said
25 oo conductor layer and said adhesive layer to
said stiffener; said vias providing a
location for electrical contact to be formed
between said conductor layer and said
conductive stiffener.
30 ' _
25. The package of claim 24, further comprising :a
plurality of solder ball bond sites, said vias
electrically coupled to said solder ball bond sites,
said vias being formed at a location other than said

35 solder ball bond sites.
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a
said via may be electri /ﬁ"W WRted fromsaid conductive stiffener.
: CONpFI ! a conductive stifpenesy7/05292
27. A TBGA‘Q@? 1 ﬁ ducti i TP 1052

a TAB tape at d to said stiffener,s»sa

selectively fillable sdiéié§\\\\\§5Taér\ball electrically coupled to

: id TAB t ape havi ng
a conductor |ayer as an outer | ayer on at | east one side of
said TAB tape, sai d conductor |ayer facing said conductive
15 : 26 f f cPlee’; pankage of claim 2, ewsitd dnkayibebagween said

conductor | ayers Afitkeively £il1ableS8LdnCendlictd e ralifpaey, said via

al I owi ng I 'cal’ connection of sald conductor |ayer 20
and said conducdlexstsicdIEbpecoupled to28aidlhelgpamdgagee oélettricadl fyurt her

conprising, a- | ural i of sai,d vias and a plurality of sol der bal
bond sites’ sai%‘ff?‘é%%%ﬁlle%’\tz?lf‘caﬁlg &8, ué%'ltvt? ssgild{%’:nei[sm der ball bond
sites, said vias being forned at a | ocation other than said sol der
ball bond sites, acka%F qQf .claim 28, said vias being

29. TEe g |
sel ectively fildhbl P IRPPRAFKEIEs| FOPPFHSIET el ectrically coupled to

said via may be electrically decoupl ed from said conductive stiffener.
e a conductive stiffener; |
10 _ | o
a TAB tape attached to said sﬁifféner,.said TAB
.tape having a conductor layer as an outer
. layer on at least one side of said TAB tape,
said conductor layer fécing said ¢onductive

15 :  stiffener; and

at least one via between said conductor layer and
.said conductive stiffener, said via allowing
.. electrical connection of said conductor layer

20 and said conductive stiffener.

28. The packagé of claim 27 further comprising a

pluralify of said vias and a plurality of Solder ball

bond sités,'Said vias electrically coupled to:séid
.25 solder ball bond sites, said vias beihg:fp;med'at a

location other than said solder ball bond sites.

29, .The_package of claim 28, said vias being
selectively fillable such that a solder ball
30 electrically coupled to said via may be electrically

decoupled from said conductive stiffener.
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